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STOCKING RATE AND CONCENTRATE FEEDING 
ON PASTURE OF DAIRY CATTLE 
KALLE RINNE and ELSI ETTALA 
RINNE, K. & ETTALA, E. 1981. Stocking rate and concentrate feeding on pas-
ture of dairy cattle. Ann. Agric. Fenn. 20: 1-9. (Agric. Res. Centre, Inst. 
Plant Husb., SF-31600 Jokioinen, Finland). 
The effects of three stocking rates (SR) and three levels of supplementary feeding 
(SF) on the gross herbage production were investigated. SR were 2,9, 3,3 and 4,0 
cows/ha in the 1st year and 2,3, 2,7 and 3,2 cows/ha in the 2nd and 3rd years. 
The feed unit yield from the pastures was significantly affected by SR, the mean 
f.u. output being 2600, 3080 and 3370 f.u./ha in the 1st year, 2930, 3320 and 3770 
f.u./ha in the 2nd year and 2400, 2820 and 3350 f.u./ha in the 3rd year for each 
of the three SR, ,respectively. The gross herbage production was lower when part 
of the energy required by the cow was given as concentrate. The decrease was 
significant only in the 3rd year when the SR x SF interaction was also significant. 
The milk yield per hectare increased almost linearly by 39 %, 31 % and 39 % 
from the lowest to the highest SR in successive years. SF increased milk output/ha 
significantly only in the 3rd year. The SR X SF interaction was not significant. 
Herbage availability and the quality of the grass were also recorded. Significant 
differences occurred in crude protein and crude fibre contents between treatments. 
Index words: Stocking rate, supplementary feeding, herbage production, crude 
protein, crude fibre, milk yield. 
INTRODUCTION 
Several fertilizer experiments were conducted at 
the Agricultural Research Centre in order to 
find the most profitable amounts of nitrogen 
required on dairy and beef cattle pasture. The 
amounts of nitrogen used in the experiments 
were 100, 200 and 300 kg pure nitrogen per 
hectare. The experimental pr.ocedure was planned 
so that the amount of grass available per animal 
was similar in each treatment. The grass availa- 
bility was regulated by changing the grazing 
area. The area, ratio between different nitrogen 
treatments was 7 : 6: 5. These figures were derived 
from field trials which were harvested by cutting. 
The difference in grass growth in the pasture 
experiment was not as large as expected. The 
difference in grass dry matter available to cattle 
between the 200 and 300 kg pure nitrogen treat-
ments, particularly, was rather small. That the 
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feed unit yields were distinctly different, how-
ever, (ETTALA et al. 1971, HAKKOLA et al. 1972, 
HAKKOLA et al. 1975) was considered to he due 
to the various stocking rates (SR). Another 
reason for the further investigations was to 
obtain more detailed data concerning supple-
mentary feeding (SF) on pasture. 
Information has been published concerning 
the effect of SR on the yield from pasture and on  
animal production. Many authors, including 
HANCOCK 1958, CASTLE et al. 1968, GORDON 
1973, 1976, MARSH and MURDOCH 1974, RINNE 
1974, MCFEELY et al. 1975, NISULA and HAK-
KOLA 1979, agree that the higher the SR, the 
higher the yield per hectare and the lower the 
production per animal, and that the lower the 
SR, the lower the yield per hectare and the 
higher the production per animal. 
MATERIAL AND METHODS 
The experiment was conducted in Jokioinen 
(lat. 61°N) at the experimental farm of the 
Agricultural Research Centre during the three 
grazing seasons 1972, 1973 and 1974 on a sward 
dominated by cocksfoot sown in summer 1971 
without a cover crop. The soil was silty clay and 
heavy clay. 
Fertilization. A total nitrogen application of 
200 kg N/ha was given in three equal dressings: 
The first application at the beginning of each 
1972 
A, A, A2 A = 2,9 cows/ha (0,35 ha/cow) 
Bo B1  B2 	B = 3,3 	» 	(0,30 » ) 
Co C1 C2 	C = 4,0 	» 	(0,25 
0 = no supplementary feeding 
1 = 1/3 of the energy required for milk production 
2 = 2/3 of the energy required for milk production 
Each treatment• had its own animal group, 6 
animals per treatment (total 54 dairy cows). The 
animals in each group were as similar as possible 
in milk yield, calving date and live weight. 
Management. Grazing started in 1972 with a 
grazing period of only 70 days, because the 
sward was not strong enough to he grazed 
during the whole season. In 1973 and 1974 the 
grazing period was 100 days. Grazing was 
started each year on 23.-27. 5. and stopped on 
28. 8.-13. 9. Ali the animal groups were always 
moved between replicates at the same time. 
Sometimes the cows in the highest SR suffered 
from a lack of herbage and it became necessary  
growing season followed by applications after 
the first, second or third grazing. P (37 kg/ha) 
and K (62 kg/ha) were spread in one dressing 
with the first N dressing. 
Treatments. A 3 x 3 factorial design was 
employed with 4 replicates in 1972 and 5 repli-
cates in 1973-4. The experimental arca was 
16,5 ha and 20,0 ha in respective years and after 
treatments it was divided as follows: 
1973-74 
A = 2,3 cows/ha (0,43 halcow) 
B = 2,7 » (0,37 » ). 
C = 3,2 » (0,31 » ) 
to give them extra grass. The amount of this 
grass was measured and subtracted from the 
total f.u. yield. 
Feed unit yield was calculated using certain 
constant values (ANON. 1935) representing 
energy requirements for living and for milk and 
meat production. The grass cut for hay or silage 
was converted into feed units and added to the 
yield. Correspondingly, the number of feed units 
given as concentrates or extra grass was sub-
tracted. 
Quality of herbage. The feed value of the 
herbage was determined by standard methods 
and the minerals by an atomic absorption spec- 
exceeding 10 kg/day given as barley concentrate 
exceeding 10 kg/day given as barley concentrate 
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trofotometer, apart from P, which was deter-
mined colorimetrically. 
Significance of the results is expressed as 
follows: *P<0,05,**P<0,01 and ***P<0,001. 
Wheather. The mean temperatures and pre-
cipitations (Table 1) during the grazing season 
varied markedly from year to year. In the first 
year both June, July and August were abnor-
mally warm. June was also very dry but July and 
August much wetter than normal. The second 
year was rather warm, and the precipitation 
rather good. The final year was cool and precipi-
tation almost normal. 
Table 1. Weather data in Jokioinen. 
Mean temperature, °C 
Juna 	July 	August Total 
1972 	  16,1 18,7 15,7 
1973  16,0 19,0 13,9 
1974 	  13,9 14,9 14,0 
Average 
1931-60 	  13,7 16,2 14,7 
Precipitation, mm 
1972 	  33 155 159 347 
1973  52 98 55 205 
1974 	  39 87 59 185 
Average 
1931-60 	  42 70 74 186 
RESULTS AND DISCUSSION 
Available herbage 
The overall mean herbage dry matter available 
before grazing was 1233 ± 726 kg/ha. This very 
low figure indicates that the grass was grazed 
at an early stage. From the lowest to the highest 
SR the available DM was reduced by 26 % in 
the first year (P < 0,05), 12 % in the 2nd year 
and 14 % in the 3rd year (P < 0,05) (Table 2). 
Table 2. Herbage DM available before grazing, kg/ha. 
(n = 756). 
Stocking ' 
rate 
Supplementary feeding 
0 1 2 mean 
lst 	A 	  1 275 1 298 1 300 1 291 
year B  1 114 1 201 1 179 1 164 
C 	  990 1 021 873 . 961 
2nd A 	  1 564 1 674 1 595 1 611 
year B  1 494 1 600 1 607 1 567 
C 	  1 401 1 474 1 390 1 422 
3rd A 	  1 127 1 111 1 196 1 145 
year B  1 033 1 014 1 058 1 035 
C 	  955 986 1 025 989 
Significance: 
1 st year 
2nd year 
3rd year 
Stocking rate Supplementary SR x SF 
SR 	feeding SF interaction 
* 
* P < 0,05 
** P < 0,01 
*** P < 0,001 
There were no significant difFerences between the 
different levels of SF. 
The amount of herbage available was also 
affected by weather and the condition of the 
sward. In the spring of the first year the sward 
was too thin and June was very dry. In the third 
year June was dry again, and the sward started 
to thin out. 
The amount of herbage D M available per cow 
per day decreased very significantly (P < 0,001) 
with increase in SR: 51 °/0, 37 % and 36 % in the 
1st, 2nd and 3rd years, respectively from the 
lowest to the highest SR (Table 3). On average, 
Table 3. Available herbage, kg DM per animal per day. 
Stocking 
rate 
Supplemeatary feeding 
0 1 2 mean 
1st 	A 	  39,3 38;7 38,2 38,7 
year B  27,2 30,3 31,0 29,5 
C 	  18,9 20,7 17,0 18,9 
2nd A 	  40,8 44,3 43,1 42,8 
year B  33,2 35,3 36,9 35,1 
C 	  26,3 28,2 26,5 27,0 
3rd A 	  30,8 31,0 33,1 31,6 
year B  25,1 24,9 25,5 25,2 
C 	  19,3 20,0 20,8 20,1 
Significance: Stocking rate Supplementary SR x SF 
SR 	feeding SF interaction. 
*** 
*** 
*** 
1st year 
2nd year 
3rd year 
3 
st year 
there were differences in the herbage available 
per cow per day between SF treatments, too. 
However, the differences were logical only with 
the two lower stocking rates: the higher the 
supplementary feeding level, the higher the 
amount of herbage available. At the highest SR 
the growth of the grass was so strongly affected 
that the differences in available herbage were 
irregular. 
The amount of herbage per animal was lower 
in the third year than in the other years. In the 
first year it was 29 ± 19,2, in the 2nd 35,0 ± 
24,0 and in the 3rd 25,6 ± 12,6 kg/cow/day. 
Milk yield 
The overall mean milk output was 5990 ± 1174 
kg/ha. There was a significant linear increase in 
mean milk output per hectare with increases in 
SR (Fig. 1, Table 4). The difference between low 
and high SR was significant (P < 0,01-0,001) 
in every year. 
When in the first year SR increased from 2,9 
to 3,3 cow/ha, milk output increased by 20 %, 
the increase was not significant. When SR was 
increased to 4 cow/ha, milk output increased by 
39 % (P < 0,01) over the 2,9 SR. In the second 
year, when SR was 2,3, 2,7 and 3,2 cow/ha, the 
increases between stocking rates were 18 % and 
2 	 3 
Stocking rate 
Fig. 1. Mean milk yield, kg/ha. 
Table 4. Mean milk (4 % fat) yield, kg/ha. 
Stocking 
	 Supplementary feeding 
rate 0 	1 I 2 mean 
4 349 4 856 5 241 4 815 
5 854 5 729 5 757 5 780 
6 493 7 388 6 194 6 692 
4 968 4 888 5 446 5 101 
5 570 5 854 6 602 6 009 
6 488 6 811 6 706 6 669 
5 102 5 073 5 390 5 189 
5 857 6 343 6 713 6 304 
7 132 7 169 7 344 7 215 
Significance: Stocking rate Supplementary SR x SF 
SR 	feeding SF interaction 
1st year 	*** 
2nd year ** 
3rd year 	*** 	** 
31 % (P < 0,01), and in the third year 21 % 
and 39 % (P < 0,01), respectively. 
When there was plenty of good grass, SF had 
only a slight average effect on the milk pro-
duction. It increased milk output significantly 
only in the third year. Milk yield was 7 % higher 
at the 2/3 SF level than at the 0 SF level (P < 
0,01). There was no significant interaction 
between SR and SF. 
The overall mean daily milk yield per cow was 
20,8 ± 4,1 kg. Numerous studies (GORDON 
1973, MCFEELY et al. 1975) have shown that milk 
yields per hectare of grazed pasture can he 
increased by raising SR to the levels at which 
the milk yields of individual cows are reduced. 
In this experiment the increasing SR had only a 
slight effect on the output per animal (Table 5). 
One reason for the small differences per cow 
between stocking rates was that it was necessary 
to give extra grass, especially to the cows on t- he 
highest stocking rate areas to prevent the cows 
from drying too early. 
The effect of SF on the daily milk yield was 
significantly positive in the first year (P < 0,05) 
and in the second year (P < 0,01). In the whole 
material the daily milk yield per cow at SF levels 
0, 1 and 2 were 20,1, 20,8 and 21, 5 kg, respec-
tively; the difference between 0 and 2 is 
significant. 
7000 
cr 6000 
5000 
lst A 	  
year B  
2nd A 	  
year B  
3rd A 	  
year B  
4 
4000 
1 SF 
0 SF 
3000 	 2 SF 
2000 	 1st year 
0 SF 
1 SF 
2 SF 
2nd year 	 3rd year 
0 SF 
1 SF 
SF 
Table 5. Mean daily milk (4 % fat) yield, kg/cow/d. 
Stocking 
rate 
Supplementary feeding 
0 1 2 mean 
lst 	A 	  18,7 20,8 22,6 20,7 
year B  21,6 21,1 21,5 21,4 
C 	  20,0 22,9 19,1 20,7 
2nd A 	  19,6 19,3 21,4 20,1 
year B  18,7 19,7 22,2 20,2 
C 	  18,5 19,2 18,9 18,9 
3rd A 	  20,9 20,8 21,9 21,2 
year B  20,6 22,3 23,5 22,1 
C 	  21,4 21,2 21,7 21,4 
Table 6. Total yield, f.u./ha (n -= 126). 
Stocking 
rate 
Supplementary feeding 
0 1 2 mean 
lst 	A 	  2 890 2 624 2 277 2 597 
year B  3 303 3 091 2 831 3 075 
C 	  3 393 3 615 3 093 3 367 
2nd A 	  3 229 2 711 2 863 2 934 
year B  3 497 3 308 3 151 3 319 
C 	  4 078 3 716 3 520 3 771 
3rd A 	  2 709 2 517 1 965 2 397 
year B  2 970 2 852 2 636 2 819 
C 	  3 688 3 252 3 114 3 351 
Significance: Stocking rate Supplementary SR x SF 
SR 	feeding SF interaction 
*** 
** 
Significance: Stocking rate Supplementary 
SR 	feeding SF 
** 
*** 	*** 
SR x SF 
interaction 
lst year 
2nd year 
3rd year 
1st year 
2nd year 
3rd year 
The increase in the daily milk yield per cow 
after increasing the SF from one level to another 
was an average of 700 g (63 kg for the whole 
grazing season). It was achieved from SF level 
0 to 1 by giving 123 kg of barley and from SF 
level 1 to 2 by 138 kg of barley. The increases in 
milk yield per kilo barley were 512 g and 456 g, 
respectively. 
The interaction between SR and SF was 
significant (P < 0,001) in the first year. The 
,effect of SR was different at the different SF 
levels. At the medium SF level the milk yield 
per cow increased from low to high SR. At the 
highest level of SF the situation was exactly the 
opposite. 
Total yield, f.u./ha 
Increasing SR increased total yield per hectare 
each year at each SF level. In the first and second 
years the difference between the lowest and 
highest SR was significant (P < 0,05) (Table 6, 
Fig. 2). In the third year the differences between 
ali the SR were significant. The total yield each 
year was at its lowest when part of energy re-
quirement was given as concentrates. However, 
the decrease was significant only in the third year, 
when the interaction between SR and SF was 
significant, too. Without any SF the increase in 
total yield per hectare became steeper with 
increasing SR. At the 1/3 level of SF the increase 
f.u./ha 
3 	 4 	 3 	 3 
Stocking rate, cow/ha 
Fig. 2. Total yield, f.u./ha. 
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was linear and at the 2/3 level the increase in 
total yield became lower with increasing SR. 
This means that when there are a lot of cows per 
unit area, replacing 1/3 of the energy requirement 
with concentrates decreases the yield. On the 
other hand, if there are fewer cows, the yield will 
not decrease until 2/3 of the energy requirement 
is replaced with concentrates. 
There were some differences between the 
yields in different years. The reasons for this were 
almost the same as these mentioned before 
conserning the amount of herbage available. 
Ali the paddocks were topped once or twice a 
year when needed, and the amount of grass dry 
matter cut by this topping was measured. In-
creasing SR decreased and increasing SF level 
increased the herbage left by cows (Table 7). 
Topped grass is not included in the total yield. 
Quality of the grass 
Chemical composition. The higher 
the SR the higher the protein content and the 
lower the crude fibre content of the grass were 
(Table 8); high SR led to more severe defoliation 
of the grass and area.s were grazed at an earlier 
stage than the grass with the lower stocking 
rates. The difference between the crude protein 
contents of the high and low SR grasses was 1,6 
percentage units (P < 0,01) and the difference 
Table 7. Topped grass, 	DM in grazing season. 
Stocking 
rate 
Supplementary feeding 
0 1 2 	, mean 
1st 	A 	  644 527 898 690 
year B  379 365 610 451 
C 	  72 188 82 114 
2nd A 	  1 314 1 601 1 249 1 388 
year B  927 1 065 1 383 1 125 
C 	  497 1 123 848 823 
3rd A 	  806 960 1 054 940 
year B  380 611 618 536 
C 	  181 470 369 340 
1-3rd year A—C 	 578 768 790 712 
Table 8. The effect of stocking rate on the crude protein, 
crude fibre, crude fat and ash contents of the herbage 
%/DM, 3-"c = mean, s = standard deviation, n number 
of samples. 
Stocking 
rate 
Crude 
protein 
n = 248 
Crude 
fibre 
n = 248 
Crude 
fat 
n = 69 
Ash 
n = 153 
A 	 20,84a 24,48a 3,76 11,88 
B  21,79" 24,09" 3,73 11,99 
C 	 22,45b 23,44b 3,67 11,88 
Signif. 	 ** * ns ns 
R 	 21,69 24,01 3,72 11,92 
s  ±3,57 ±3,66 +0,39 +2,24 
The values not followed by the same index letter in each 
column differ significantly at 95 % level. 
between the crude fibre contents was 1,04 per-
centage units (P < 0,05). The stocking rates 
had no significant effects on the fat or ash con- 
t ents . 
The chemical composition of the grass varied 
considerably throughout the season (Table 9). 
The crude protein content was at its highest and 
the crude fibre content at its lowest in the first 
grazing. The ash content increased towards the 
autumn. The SR and season explained 35,7 % 
of the variation in crude protein content, and 
53,8 % of the variation in crude fibre content. 
There was a negative correlation (r = 	0,74) 
between crude protein and crude fibre contents. 
The overall mean of grass dry matter content 
was 18,2 3,6 %. The higher the SR, the lower 
the dry matter content of the grass was. The 
difference was not significant (Table 10). 
Table 9. Chemical composition of the grass in different 
grazings, % in DM. 
Grazing 
Crude 
protein 
Crude 
fibre 
Crude 
fat Ash 
1St 	 26,09e 17,82e 3,825b 10,57a 
2nd 	 19,72a 23,81a 3,50a 10,51a 
3rd 	 22,01b 25,33ab 3,76ab 11,83" 
4th 	 21,89b 25,03" 3,81" 12 48b0 
5th 	 21,34ab 24,958,0 3,93b 12,40be 
6th 	 19,76a 26,27b 3,45a 13,81b 
7th 	 21,215b 25,61a5  4,04ab 13,600e 
Signifi- 
cance 	 *** *** 
For meaning of index letters, see table 8. 
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Supplementary feeding 
0 	1 	2 	mean 
Stocking 
rate 
18,5 18,5 18,5 18,5 
18,1 18,2 18,0 18,1 
18,2 18,0 17,9 18,0 
No significant differences. 
Table 10. Dry matter content of the grass, %. Means of Table 12. The mineral composition of the grass in different 
ali years (n = 756). 	 grazings in the first year. 
Table 11. Effect of stocking rate on the P, Ca, Mg, K 
and Na contents in DM, and Ca/P and K/(Ca Mg) 
(eq.) ratios of first year ley herbage (n = 69). 2 = mean, 
s = standard deviation. 
Stocking 
rate 
P 
% 
Ca 
% 
Mg 
% 
K 
% pp , 
Na, 
CalP 
K/(Ca+ 
mg)  
A 	 0,33 0,39 0,27 4,12 47 1,22 2,56 
B 	.. 	 0,34 0,41 0,27 4,29 42 1,21 2,57 
C 	 0,34 0,41 0,28 - 4,22 49 1,21 2,54 
2 	 0,34 0,40 0,27 4,21 46 1,21 2,56 
s 	 +0,04 +0,06 ±0,04 +0,50 +22 ±0,22 +0,41 
No sign'ficant differences. 
Mineral composition. Thestocking 
rate did not have any significant effect on the 
mineral composition of the grass in the first year 
(Table 11). Instead, the mineral compositions 
were significantly different between grazings 
(Table 12). The phosphorus content was at its 
lowest and the magnesium content at its highest 
in the grass of the midsummer grazings, and the 
calcium content decreased towards the autumn. 
There were no significant differences between 
the potassium contents except in the 5th grazing, 
when the average potassium content was ex- 
ceptionally high. The K: (Ca 	Mg) ratio was 
rather high throughout whole the season, and 
the Ca: P ratio was low in the last grazings, 
considering the requirements of the animals. 
Botanical composition. The SR 
had no significant effects on the botanical com-
position of the grass. However, timothy showed 
a slight tendency to tolerate the grazing better 
Grazing ,i/: ,5: 1\01/0g ,1,  pNp an, cal p K/ Ca+ 1.,,,g)  
1St 	. . . 0,38° 0,47b 0,24a 4,18a 36a 1,23" 2,53" 
2nd 	.. 0,34abe 0,39a 0,25a 4,14a 42a 1,165b 2,68" 
3rd 	.. 0,31" 0,42" 0,32b 4,19a 52" 1,35b 2,27a 
4th ... 0,35" 0,42" 0,32b 4,12a 70b 1,22" 2 27a 
5th ... 0,30a 0,41" 0,25a 4,790 32a 1,340 2,99b 
6th ... 0,32" 0,35a 0,26a 3,84a 40a 1,09ab 2,54a 
7th ... 0,39e 0,36a 0,29" 4,20" 55ab 0,92a 2,59ab 
Signifi- 
cance ***1 *** *** *** 
For meaning of index letters, see table 8. 
Table 13. Botanical composition at different stocking 
rates, % of green mass. 2 = mean, s = standard devia-
tion, n = number of samples. 
Stocking 
rate 
n timothy red 
fescue 
cocks- 
foot 
clover weeds other 
A 	.... 15 44,3 8,3 42,8 - 4,3 0,3 
B 	.... 15 44,9 9,1 41,1 - 5,2 0,4 
C 	.... 14 50,1 7,8 36,9 0,1 4,6 0,5 
46,4 8,4 40,3 - 4,6 0,4 
s 	 ±13,7 ±6,8 ±17,7 ±0,3 ±6,7 +1,3 
No sign'ficant differences. 
Table 14. Botanical composition at the beginning and 
at the end of the season, <V, of green mass (means of two 
years). 
n timothy red 
fescue 
cocks- 
foot 
clover weeds other 
June ... 14 57,8 4,7 26,4 0,2 10,9 0,0 
August . 24 39,2 9,5 49,3 0,0 1,8 0,8 
Signifi- 
cance ** ns * ns *** ns 
For meaning of index letters, see table 8. 
than cocksfoot (Table 13). There were certain 
differences in the botanical composition between 
the beginning and the end of the season. The 
proportion of timothy (P < 0,01) and weeds 
(P < 0,001) decreased while the proportion of 
cocksfoot increased (P < 0,01) (Table 14). 
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SELOSTUS 
Laiduntamistiheys ja väkirehun käyttö lypsykarjaa laidunnettaessa 
KALLE RINNE ja ELSI ETTALA 
Maatalouden tutkimuskeskus 
Maatalouden tutkimuskeskuksen maatilalla Jokioisissa 
suoritettiin kasvinviljelylaitoksen ja kotieläinhoidon tut-
kimuslaitoksen yhteistyönä kolmivuotinen laidunkoe, 
jonka tarkoituksena oli selvittää kolmen erilaisen laidun-
tamistiheyden ja kolmen erilaisen väkirehumäärän vaiku-
tusta laitumen satoon ja lypsylehmien tuotoksiin. Koe oli 
järjestetty 3 x 3 faktoriperiaatteella, ja siinä oli kuusi 
lypsylehmää kussakin koejäsenessä eli yhteensä 54 
lehmää. 
Laiduntamistiheydet olivat ensimmäisenä vuotena 2, 9, 
3,3 ja 4,0 lehmää/ha. Toisena ja kolmantena vuotena ne 
olivat 2,3 2,7 ja 3,2 lehmää/ha. Väkirehutasot olivat 0, 
1/3 ja 2/3. Nolla tarkoittaa sitä, että kolmannes lehmistä 
ei saanut lainkaan väkirehua. 1/3 ja 2/3 tarkoittavat sitä, 
että loput lehmistä saivat yhden tai kaksi kolmasosaa 10 
maitokiloa ylittävästä tuotantorehun tarpeestaan väki-
rehuna. 
Laiduntamistiheys vaikutti merkitsevästi laitumen sa-
toon. Keskimääräiset rehuyksikkösadot olivat ensimmäi-
senä vuotena 2600, 3080 ja 3370 ry/ha, toisena 2930, 
3320 ja 3770 ry/ha ja kolmantena 2400, 2820 ja 3350 ry/ha 
kullakin kolmella laiduntamistiheydellä. Rehuyksikkösato  
oli pienempi silloin, kun osa energiantarpeesta korvattiin 
väkirehulla. Ero oli merkitsevä ainoastaan kolmantena 
vuotena, jolloin myös laiduntamistiheyden ja väkirehun-
käytön yhteisvaikutus oli merkitsevä (P < 0,05). 
Maitomäärä hehtaaria kohti lisääntyi melkein suora-
viivaisesti joka vuosi pienimmästä suurimpaan laidunta-
mistiheyteen. Lisäykset olivat 39 %, 31 % ja 39 % 
(P < 0,01-0,001) peräkkäisinä vuosina. Väkirehun käyt-
tö lisäsi maitomäärää hehtaaria kohti merkitsevästi aino-
astaan kolmantena vuotena (7 % 2/3-tasolla). Laidun-
tamistiheydellä ja väkirehutasolla ei ollut merkitsevää 
yhteisvaikutusta maitomäärään hehtaaria kohti. Laidun-
tamistiheydensuurentaminen ei vähentänyt tässä kokeessa 
merkitsevästi eläinkohtaista maitotuotosta. 
Laiduntamistiheyden suuretessa tarjolla olevan ruohon 
määrä väheni merkitsevästi ensimmäisenä ja kolmantena 
vuotena. Väkirehun käytöllä siihen ei sen sijaan ollut 
merkitsevää vaikutusta. Suurimmalla laiduntamistihey-
dellä laidunruohon raakavalkuaispitoisuus oli 1,6 %-
yksikköä korkeampi (P <0,01) ja raakakuitupitoisuus 
1,0 %-yksikköä alhaisempi (P % 0,05) kuin pienimmällä. 
Erot kivennäispitoisuuksissa olivat vähäisiä. 
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LONG-TERM STUDY ON THE EFFECTS OF PEKILO PROTEIN ON 
THE REPRODUCTIVE PERFORMANCE OF SOWS 
TIMO ALAVIUHKOLA and KAIJA. SUOMI 
ALAVIUHKOLA, T. & SUOMI, K. 1981. Long-term study on the effects of Pekilo 
protein on the reproductive performance of sows. Ann. Agric. Fenn. 20: 10-14. - 
(Agric. Res. Centre, Swine Res. Sta., SF-05840 Hyvinkää 4, Finland.) 
Pekilo protein as the sole source of protein in the barley-based diet of sows during 
three successive generations had no detrimental effects on the reproductive perfor-
mance of the sows and vitality and growth of the piglets. Furthermore, Pekilo 
protein compared to conventional protein feeds had no effect on the number of 
mummified or stillborn piglets. Blood and histopathological analyses also indicated 
that Pekilo protein has no toxic properties as a feed for sows and piglets. 
Index words: Pekilo protein, reproduction, sow. 
INTRODUCTION 
Since the beginning of the 1970s, when Pekilo 
protein was introduced, much work has been 
done to evaluate the nutritional value of the new 
product for pigs (ALAVIUHKOLA et al. 1975, 
FARSTAD et al. 1975, BARBER et al. 1977, BOBROV 
et al. 1979, BOROWA et al. 1980), poultry (LAK-
SESVELA and SLAGSVOLD 1974, KIISKINEN 1979, 
Cmicov et al. 1979) and calves (KossiLA and 
KrisKINEN 1979, NAMIOTKIEWICZ and CHRZASZCZ 
1980). There is also very much analytical data 
available. Toxic substances (lindane and DDT) 
which might be expected because of the specific 
nature and the origin of the product are shown to 
he absent. The lignosulphonate content is far 
below the harmful level (FARsTAD et al. 1975). 
The cadmium, selenium, lead and mercury 
contents are very low (LEHrom)ixi 1979). 
Ochratoxin and aflatoxin were proved to he 
absent from the Pekilo product (FARsTAD et al. 
1975). The acute and subacute toxicity of Pekilo 
protein was studied by AHLSTRÖM et al. in 
1968-69, and no harmful effects were found 
with rats. The allergenic properties of Pekilo 
protein have been tested and found to he of 
minor importance. This is probably due to the 
rather large particle size of the mould dust. 
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The purpose of, this experiment was to find 
any evidence of toxic or detrimental effects from 
high inclusion of the Pekilo protein on the repro- 
ductive performance of sows and on the develop-
ment of foetuses and piglets. The experiment was 
planned to cover three generations of pigs. 
MATERIAL AND METHODS 
Sixteen female Finnish Landrace piglets weighing 
22 kg each were divided into two groups. The 
animals in the control group were fed with a 
barle-oat diet supplemented with conventional 
protein feeds (fish meal, soya bean meal), mine-
rals and vitamins. In the diet of the experimental 
group conventional protein feeds were replaced 
by Pekilo protein. Pekilo protein was also the 
only protein feed for the animals of the experi-
mental group during gestation, lactation and in 
the starter feed of the piglets. The composition 
of the diets is shown in Table 1. 
During the growth period the animals were 
fed in groups (4 animalsipen). During late 
pregnancy and lactation they were fed individu-
ally. Animals were bred at the age of about 7 
months (live weight > 100 kg). Water was 
provided ad lib. at ali stages. 
Farrowings were not observed. PigIets were 
weaned at the age of 5 weeks, after adaptation 
to the sow diet over a 2-week period. The meal 
form of the sow lactation diet was used as the 
only feed up to 8 weeks of age, after which the 
animals planned as the dams of the next gener-
ation were picked out and fed on the growth and 
gestation diet. 
Blood and urine samples were taken from the 
P generation sows on the fifth day after weaning 
of their litters and from 5 animals in each F2 
group at live weight between 21,5 and 65,5 kg. 
F, sows were slaughtered after their piglets were 
weaned. Ovaries, uterus, kidneys, liver and 
heart were histopathologically examined at Dept 
of Pathology, State Veterinary Medical Institute, 
Helsinki. 
A number of dead piglets were also examined 
in order to determine the cause of death. 
Table 1. Percentage composition of the diets during growth, gestation and lactation. 
Control group Pekilo groun 
growth and 
gestation 
lactation 	and 
starter 
growth and 
gestation 
lactation and 
starter 
Barley % 	  42,0 42,0 41,0 40,8 
Oats %  42,0 41,2 41,0 40,0 
Soya bean meal % 	  5,0 5,0 - 
Fish meal % 	  6,0 5,0 - 
Pekilo 1) %  , _ - 13,0 15,0, 
Dried S.M.P. % 	  - 3,0 
Mineral mixt. %  2,0 2,0 2,0 2,0 
Vitamin mixt. % 	  1,0 0,5 1,0 0,5 
Salt % 	  0,2 0,1 0,2 0,1 
Dicalciumphosph. % 	  1,8 1,0 1,5 1,0 
Lime % 	  - 0,2 0,3 0,6 
Calculated chemical composition: 
Crude protein % 	  15,7 16,6 15,5 17,0 
Digestible crude protein % 	  13,0 13,5 12,6 13,7 
Feed units/100 kg 	  93 91 92 91 
Ca g/kg 	. 11 9 10 10 
P gikg  9 8 9 , 9 
Crude protein content of Pekilo protein varied between 50,3 and 51,5 % in D.M. 
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RESULTS AND DISCUSSION 
The reproductive performance of the gilts of 
both groups was satisfactory. However, the 
results were worse than the average for the 
station. The main reason might he that animals 
showing signs of heat distress, leg weakness, 
MMA syndrome, etc. could not be eliminated 
because of the restricted number of experimental 
animals. However, there were no differences 
between the groups. 
Table 2. Reproductive performance of sows. 
Age of sow at far- 
Control group 	I 	Pekilo group 
Generation 
P 	1 	F, 	I 	I', 	1 	r 	1 	F, 	I 	F, 
Number of sows farrowed 
8 8 8 	7 8 8 
rowing (days) 381 372 358 375 380 375 
Number of piglets 
born 	 9,0 8,6 8,9 7,6 9,9 9,9 
Number of piglets 
born alive 8,9 8,1 8,6 7,3 9,6 9,5 
Number of piglets 
at 5 weeks of 
age 	 8,0 7,1 6,9 6,3 8,0 8,4 
Weight of litter at 
birth (kg) .. 13,9 10,8 12,4 11,3 14,1 14,8 
Weight of litter at 
5 weeks of age 
(kg) 	 75,2 65,8 61,8 64,0 67,1 79,1 
Mortality rates were similar in both groups: 
13,2 % from birth to 3 weeks of age in the 
control group and 13,7 % in the Pekilo group. 
There were no differences in the causes of 
death of the piglets between the groups. Only 
one malformation was found; it appeared in the 
control litter. The main difference found between 
the groups WAS in the .number of incidents of 
bleeding from the navel (2,0 % in the control 
group and 10,3 % in Pekilo group). 
The results of analyses of the blood and urine 
from P gilts have been published earlier (JÄRVI-
NEN et al. 1980). Serum urea and plasma glucose 
levels were significantly lower in the Pekilo group 
than in the control group but were within the 
normal limits for pigs. 
During the growth period of F, gilts, samples 
of blood were taken from five animals in each 
group. The analySis results are given in 
Table 3. 
Blood analysis revealed wide variation within 
each group. This is partly due to the different 
live weights of the animals examined. The main 
difference between the groups was, as expected, 
in the total protein content. The result agrees 
with that of FARSTAD et al. (1975). In their 
experiment the protein content of the blood 
Table 3. Blood analysis of the F2 animals during the growth period (mean and range). 
Control group 	 Pekilo group 
Number of animals 
5 	I 
Mean weight kg 
53 (21,5-65,5) -32 (25,5-38,0) 
Alkaline phosphatase i.u./1 	  550 (393-843) 529 (408-654) 
ALAT i.u./1 	  25 (18-32) 29 (17-40) 
ASAT i.u./1  53 (23-68) 73 (36-95) 
Gamma-glutanyl-transferase i.u./1 	 22 (17-27) 29* (22-36) 
Urea mmo1/1 	  3,7 (3,4-4,1) 3,9 (3,0-4,6) 
Cholesterol mmo1/1 	  2,50 (2,04-2,73) 2,61 (2,41-2,79) 
Albumin g/1 	  47,2 (44,5-50,8) 38,2** (33,0-42,9) 
Total protein g/1 	  74,8 (67,8-88,9) 65,0* (62,4-68,7) 
Triglyseride mmo1/1  1,13 (0,80-1,34) 1,11 (0,65-1,37) 
* P <0,05 
** P < 0,01 
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decreased as soya bean protein in the feed was 
replaced with Pekilo protein, even when Pekilo 
protein was supplemented with pure methi-
onine. 
No pathological or histopathological changes 
associated with Pekilo feeding were seen in the 
organs of the sows slaughtered after weaning 
of F3 piglets. Nine piglets belonging to different 
0-enerations were also examined to determine the  
cause of death. No particular cause was found to 
he due to Pekilo feeding. 
In conclusion, Pekilo is a very satisfactory 
protein supplement for use in sow diets. The 
inclusion level of 13 % in diets during breeding 
and pregnancy and 15 % during lactation and 
in starter feed had no detrimental effects on the 
reproductive performance of the sows or the 
vitality and growth rate of the piglets. 
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SELOSTUS 
Pitkäaikaisen Pekilo-valkuaisen käytön vaikutus emakoiden porsastuotantoon 
TIMO ALAVIUHKOLA ja KAIJA SUOMI 
Maatalouden tutkimuskeskus 
Pekiloproteiinin pitkäaikaisen käytön vaikutuksia tut-
kittiin käyttämällä sitä ainoana valkuaisrehuna porsas-
tuotannossa kolmen sukupolven ajan. Vertailuryhmän 
eläimet ruokittiin Pekilon sijasta soijalla ja kalajauholla. 
Perusrehuna oli ohran ja kauran seos (50-50). Kum-
paankin ryhmään valittiin 8 noin 22 kilon painoista 
:emakkoporsasta (P-polvi), jotka kasvatettiin koerehuilla 
koeaseman normien mukaan sukukypsään ikään. Tiineys-
aikana käytettiin samanlaista rehua kuin kasvatusaikana: 
kontrolliryhmän rehu sisälsi 5 % soijaa ja 6 % kalajauhoa, 
Pekiloryhmän rehu 13 % Pekiloa. Imetysaikana ensikot 
saivat vastaavanlaisia seoksia. Ne sisälsivät kuitenkin 
valkuaisrehuja hieman enemmän kuin kasvatus- ja tiineys-
ajan rehut. 
Imetysajan rehuja käytettiin myös pikkuporsaiden 
lisärehuna. Näin Pekiloryhmän eläimet eivät saaneet 
missään elämänsä vaiheessa muista rehuista kuin Pekilosta 
ja viljasta peräisin olevaa valkuaista. 
P-polven porsaista valittiin taas 8 kumpaankin ryhmään. 
Eläimet hoidettiin ja ruokittiin kuten edellä. Koe päättyi 
F2-polven pahnueiden vierotukseen. 
Ryhmien välillä ei havaittu merkitseviä eroja ensikoiden 
kiiman ilmenemisiässä eikä syntyvien porsaiden määrissä. 
Eroja ei ollut myöskään porsaskuolleisuudessa eikä por-
saiden painonkehityksessä syntymästä 5 viikon ikään. 
Pekilodieetti ei lisännyt kuolleena syntyneiden, heikkojen 
eikä viallisten porsaiden määrää. Se lisäsi kuitenkin napa-
verenvuototaipumusta porsaissa. Syytä tähän ei voitu 
selvittää. 
P-polven porsineilta ensikoilta ja F2-polven kasvavilta 
eläimiltä otetuissa verinäytteissä ei analyysissa löytynyt 
mitään oireita rehun aiheuttamista haitoista. 
Tutkittaessa F2-polven ensikoiden elimiä teurastuksen 
jälkeen ei havaittu sellaisia patologisia tai histopatologisia 
muutoksia, joita olisi voitu yhdistää Pekiloruokintaan. 
Kuolleina syntyneiden tai kohta syntymän jälkeen meneh-
tyneiden porsaiden kuolinsyiden ei myöskään todettu 
aiheutuneen erityisesti Pekiloruokinnasta. 
Pekilomassa on kokeen tulosten valossa täysin sopivaa 
emakoiden rehuseosten aineosaksi. Pekilon pitkäaikaisella 
käytöllä ei todettu merkittäviä haittavaikutuksia. 
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THE EFFECT OF SOIL pH AND Fe ON THE AVAILABILITY OF "Se IN SPHAGNUM 
PEAT SOIL 
ARJA PAASIKALLIO 
PAASIKALLIO, A. 1981. The effect of soil p11 and Fe on the availability of 755e 
in Sphagnum peat soil. Ann. Agric. Fenn. 20: 15-24. (Agric. Res. Centre, 
Isotope Lab., SF-31600 Jokioinen, Finland.) 
The effect of pH and Fe on the selenium-75 content of barley plants grown in 
Sphagnum peat soil was investigated in pot experiments. The uptake of 75Se by 
barley straw ranged from 0,1 to 0,8 % with various Ca and Fe applications. When 
the level of Fe in the soil was low, the content of 75Se in barley decreased with 
increasing pH from 4 to 7. When the level of Fe was higher, the content of 75Se 
in barley increased abruptly at about 7. 
The acid ammonium acetate-extractable 75Se content of the soil varied from 5 
to 40 % depending on the pH and Fe level in the Sphagnum peat soil. The extrac-
tion percentage of 75Se was at a minimum at pH 5-6 with a high level of soil Fe, 
and it increased sharply at higher pH values. In the other soil types the increasing 
pH had only a slight effect or no effect on the extraction percentage of "Se, 
irrespective of the Fe application. Among the soil types studied, increasing pH 
in medium sand soil most increased the extraction percentage of 75Se at a low level 
of Fe. 
Index words: 75Se availability, pH, Fe, Ca, barley, Sphagnum peat, soil, pot experi-
ments. 
INTRODUCTION 
The inherently low content of total selenium in 
Finnish soils is the most important soil factor 
causing the inadequacy of plant selenium for 
grazing animals (KOLJONEN 1974, 1975, SIPPOLA 
1979). In addition, the humid climate, low soil 
pH and bigh contents of reactive iron and 
aluminium oxides in soils have ali been found to 
decrease the plant uptake of native selenium and 
they further deteriorate this situation. Other soil 
factors which cause variations in the availability 
and uptake of selenium from different soil types 
are clay content, organic matter and plant nutri-
ents (ref. e.g. BEESON and MATRoNE 1976). In 
order to determine the safe but adequate quan-
tities of selenium for application to soils it is 
necessary to s tudy carefully the various soil 
properties for each soil type. 
In this study the effect of the pH and Fe on 
the uptake of selenium-75 by barley plants was 
investigated in a weakly decomposed Sphagnum 
15 
peat soil, the plant nutrient solubility properties 
of which are known to differ strongly from those 
of other soil types. In addition, an investigation 
into the effect of pH and Fe on the extraction of 
selenium-75 with acid ammonium acetate from 
various soil types was carried out. 
MATERIAL AND METHODS 
Pot experiments 
Five pot experiments were carried out in order 
to study the effect of pH and Fe on the uptake 
of 75Se by barley plants (var. Arvo) grown in a 
Sphagnum peat soil. The experiments were mostly 
outdoor and each of them was carried out in 
different years. Each po-t contained 6 litres of 
soil and 31 plants. The plants were cut 40-45 
days after sowing or at the emergence of the first 
aWIIS. 
Experiment 1. Calcium addition to ali the soils 
was 2 g Cap of soil. The rates of Fe addition were: 
0, 50, 100 and 200 mg Fe/1 of soil (Fig. 1 a). 
Experiment 2. Calcium addition to ali the soils 
was 1,6 g Ca/1. The rates of Fe addition were: 
0, 75, 150 and 300 mg Fe/1 (Fig. 1 b). 
Experiment 3. The rates of Ca addition were 
0,9 and 4,0 g Ca/1 and those of Fe were 50 and 
200 mg Fe/1, which were applied to both levels 
of Ca. This experiment used two-litre pots  
containing 23 plants (barley var. Jo 1012) which 
were cut 28 days after sowing (Fig. 1 c, d). 
Experiment 4. Iron addition to ali the soils 
was 40 mg Fe/1. The rates of Ca addition were: 
0,9, 1,5 and 3,0 g 	(Fig. 2 a). 
Experiment 5. Iron addition to ali the soils was 
200 mg Fe/1. The rates of Ca addition were: 1,1, 
1,9 and 5,0 g Ca/1. Two-litre pots were used and 
the plants were cut 35 days after sowing. The 
experiment was carried out in a greenhouse 
(Fig. 2 b). 
Four replicates were used in each experiment. 
The fertilization of the soils was as follows: N 200 
(NI-141\103), K 200 (KC1), Mg 300 (MgSO4 • 
7E120), P 50 (NaH2PO4 • 214,0), Mn 20 (MnSO, • 
H20), Cu 5 (CuSO4 • 5E120), Zn 5 (ZnSO, • 
7H20), B 1 (1-131303) and Mo 1 (NaMoO, • 
21420) mg/1 of soil. Calcium was added as CaCO3 
and iron as FeSO, • 7H20. After fertilization, 
8 ,uCi selenium-75 per litre of soil was added as a 
neutral aqueous solution of sodium selenite. 
Table 1. Some properties of the soils. Fei = extracted with acid ammonium acetate, Fe, = extracted with 
acid ammonium acetate/EDTA. 
Soi! type Sampling site Degree °±- humification 
Clay % Vol.wt. 
gictn 
pH 
I 	P 	I 	Fe, 	I 	Fe, 
Figutes 
mg/1 of soil 
Spbagnian peat I 	 
Spbagnum peat II 	 
fuscum bog 
cultivated 
moderate - 0,28 4,2 12 17 690 3a, 4a-c, 5a 
soil low - 0,11 4,5 67 <2 134 3e, 4d-f, 5b, 6 
Spbagnum peat III . . fuscum bog low - 0,09 4,0 1 <2 25 1, 2, 3b 
Carex peat 	.  
Ligno Carex peat 	 
grassed field 
herb-rich 
spruce 
high - 0,40 4,5 1 42 1 297 3f, 6 
Clayey muu l 	 
swamp 
cultivated 
high - 0,36 5,1 3 11 1 302 3f 
soil (21 % humus) 60 0,53 4,8 <1 , 	34 800 3c, 6 
Medium sand 	 » - 5 1,23 5,6 17 2 154 3g, 6 
Silt 	  » - 18 0,98 6,6 126 <2 278 3d, 6 
Sandy clay 	 
Ileavy clayiSphagnum 
» 
subsoil/ 
- 35 0,96 5,7 <1 5 219 6 
peat III (1: 1) 	. . . fuscum bog low 84 0,60 5,3 1 <2 143 3b 
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Fig. 1 a—d. The relative activity of 75Se in barley grown in Sphagnum peat soil at different pH levels as a function of 
soil Fe. pHi  = before experiment, pH, = after experiment. The means not followed by a common letter differ signi-
ficantly at the 95 % level. 
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About 11 jug Se/1 of soil was added as carrier Se. 
'5Se was allowed to equilibrate for 7-14 days, 
after which the barley seeds were sown. The soils 
were watered up to 60 % of the water holding 
capacity. After harvesting the plants were dried 
at 50°C for 48 h. The activity of 75Se was deter-
mined in ground plant material using a two 
channel gammaspectrometer with a NaI (Ti) well 
crystal. The methods used for elemental analyses 
of the plants are reported in KÄHÄRI and Nissi-
NEN (1978) and PAASIKALLIO (1978). 
Soil extractions 
Some properties of the soils are given in Table 1. 
In the three 75Se extraction experiments the 
additions of Ca (as CaCO3) and Fe (as FeSO, • 
7E120) to the soils were: 
Experiment 6. The pH of the soils was adjusted 
to values from 4 to 7 with HC1 and CaCO3, 
except Sphagnum peat I (ground) where Ca(OH), 
was used. The pH adjustments of Sphagnum peat 
I, Ligno Carex peat and heavy clay soils were 
made several years before the extraction experi-
ments. In the extraction of 75Se two kinds of pH 
series were prepared for each soil type: 1) without 
Fe addition and 2) Fe was added at a rate of 
300 mg/1 to ali the pH levels of the soils (Fig. 
3 a—g). 
Experiment 7. The experiment was carried out 
with both unfertilized and fertilized Sphagnum 
peat soil. The Ca additions to the soils were: 
0, 2 and 12 g Ca/1. To each of the three Ca levels 
the rates of Fe addition. were 0, 75, 150 and 300 
mg Fe/1 (Fig. 4 a—f). 
Experiment 8. 75Se was extracted from six 
different soil types. The additions of Ca and Fe 
to ali the soils were: 1) no addition, 2) 4 g Ca/1 
and 3) 4 g Ca and 300 mg Fe/1 (Fig. 6). 
After the pH adjustment and the addition of 
Fe, the soils were allowed to equilibrate for 
about 14 days, after which 4 ,tiCi 75Se/1 was added 
to the soils. The 75Se solution was the same as  
that used in the pot experiments. 75Se was 
allowed to equilibrate for about 7 days. The 
soils were air-dried and extracted with acid 
ammonium acetate (pH 4,65) in a volumetric 
ratio of 1: 5, the mixture was shaken for one hour 
and centrifuged. The activity of 75Se was deter-
mined in the soil extract. The percentage of 
extracted 75Se was calculated by comparing the 
extract with the standard solution of 755e. The 
soil P in the extract was determined colorimetric-
ally by the molybdenum blue method and Fe by 
atomic absorption spectrophotometry. In addi-
tion, Fe was extracted with acid ammonium 
acetate/0,02 M EDTA. Soi"- pH was determined 
from a 	ater suspension (1 : 2,5). The 
significance of the differences between the 75Se 
contents for different applications was tested by 
analysis of variance. 
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Fig. 2 a, b. The relative activity of 75Se in barley grown in 
Sphagnum peat soil at two levels of Fe as a function of 
soil pH. The means not followed by a common letter 
differ significantly at the 95 % level. 
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Fig. 3 a—g. The extraction percentage of 7 5 Se of various soils with and without Fe addition as a 
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RESULTS 
Pot experiments 
The uptake of 75Se by barley straw ranged from 
0,1 to 0,8 % depending on the amounts of Ca 
2.nd Fe added to the Sphagnum peat soil. Fig. 1 
shows the relative content of "Se in barley at 
various pH levels as the Fe content of soil in-
creased and the pH values of the soils before 
-and after the experiment. 
When the soil pH was about 7 after harvest 
(Fig. 1 a, c), the relative content of 75Se in 
barley was significantly higher in the soils with 
the highest Fe addition than in those with lower 
Fe. The soil pH increased during the experiment. 
With the highest addition of Fe the soil pH 
increased slightly and the P content of barley 
was 40 % lower than with the lowest addition 
of Fe. 
When the soil pH was 5 or lower after harvest 
(Fig. 1 b, d), the relative content of "Se in 
barley was little affected by the additions of Fe. 
The pH of the soil decreased during the experi-
ment, the additions of Fe also decreased the pH 
slightly. The P content of barley was decreased 
by about 15 % by the highest Fe addition. The 
straw yield and the content of Fe in barley straw 
were not affected by the Fe additions in the 
above-mentioned cases. However, the highest 
addition of Fe decreased the content of Mn, 
Zn and Cu and increased that of Mo in straw. 
Fig. 2 a, b shows the 75Se content in barley at 
two different levels of Fe with increasing soil pH. 
With the lower addition of Fe the 75Se content 
in barley at pH 7 was one tenth of that at pH 4. 
The straw yield first increased with increasing 
pH but decreased at the highest pH value. When 
0 	100 	200 	300 	0 	100 	200 	300 	0 
Fe ADDITION, mg/l OF SOIL 
Fig. 4 a—f. The extraction percentage of 75Se from unfertilized and fertilized Sphagnum peat soils at three levels of Ca 
and the pH values of the soils as a function of soil Fe. Each value is the mean of four replicates. 
100 
	
200 
	
300 
20 
15 - 	SPHAGNUM PEAT I 
(unfertilized) 
Fe = 0 
— — — Fe = 3 00 mg/1 
10 - 
SPHAGNUM PEAT II 
(fertilized) 
15_ 
10 
5 
the addition of Fe was high, the "Se content 
was about eight times higher at pH 7 than at 
lower pH values. The straw yield was a little 
lower at pH 7 than at pH 5,5. The highest addi-
tion of Ca decreased the P content of barley 
significantly at both Fe levels. 
Soi! extractions 
Fig. 3 shows the effect of soil pH on the extrac-
tion.of "Se from some soil types both with and 
without Fe addition. As the pH of the unfertil-
ized Sphagnum peat soil with added Fe increased 
from 4 to 5-6 the extractable "Se decreased; 
when the pH increased further to above 7, the 
extractable "Se increased from 10 to 40 % 
(Fig. 3 a). In the fertilized Sphagnum peat soil 
without Fe the extractable 75Se was below 10 % 
and was rather unaffected by soil pH. When Fe 
was added, the extraction curve of "Se resembled 
that Of the unfertilized soil with Fe. However, 
the extraction percentage of 75Se was quite high 
also at low pH values (Fig. 3 e). In the Carex 
peat soils the added Ca and Fe did not affect the 
extractable "Se (Fig. 3 f), which was below 10 %, 
as in the soils containing clay (Fig. 3 b—d). 
In the medium sand soil the extractable 75Se 
increased with increasing pFI most notably 
among ali the soils without Fe addition. The 
extraction percentage decreased only a little with 
Fe addition (Fig. 3 g). The other extraction curve 
of the medium sand soil was included in the 
figure because of its larger pH range. 
The extraction of "Se from the soils with 
three levels of Ca was investigated as a function 
of soil Fe in both the unfertilized and fertilized 
Sphagnum peat soils (Fig. 4). In the unfertilized 
soil the highest level of Ca increased the extract-
able "Se notably at ali Fe levels. In the fertilized 
soil both applications of Ca increased the extract-
ion percentage only at the highest levels of Fe; 
without Fe the extractability,of 75Se was always 
low. Fig. 5 shows the effect of liming on the pH 
of these peat soils at low and high levels of Fe. 
In the fertilized soils with Fe the pH rose abruptly 
SOIL pH 
Fig. 5 a, b. The effect of liming on the pH values of the 
unfertilized and fertilized Sphagnum peat soils with and 
without Fe addition. 
from 5,5 to 6,5 exceeding the pH values of soils 
without Fe addition and stayed hence contin-
uously at that higher level with increasing Ca 
addition. 
For extraction of 75Se from six soil types the 
applications to the soils were: 1) no addition, 
2) addition of Ca and 3) additions of Ca and Fe 
(Fig. 6). In the first case the extractable 75Se in 
the mineral soils (medium sand, silt and sandy 
caly) was the less the higher the clay content of 
the soils was; in the organic soils the differences 
between the extraction percentage of 75Se were 
slighter than in the mineral soils and the extract-
ion percentage increased with decreasing volume 
weight of the soils. With no addition and with 
added Ca the extractable 75Se was highest in the 
medium sand soil. With the joint addition of 
Ca and Fe extraction percentage increased only 
in the case of the Sphagnum peat soil. 
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DISCUSSION 
The uptake of selenite by many plant species is 
less than 2 °/,:, of the amount of Se added to soils 
(BisBJERG and GISSEL-NIELSEN 1969, GISSEL-
NIELSEN and BISBJERG 1970, LEVESQUE 1974). 
The utilization of added selenite was on average 
0,7 % for barley in mineral soils (GissEL-NIELSEN 
1973), which is in agreement with the uptake of 
75Se added to the Sphagnum peat soils reported in 
this study. 
In soils the selenite may form adsorption 
complexes with ferric oxides, thus remaining 
unavailable to plants; it is also largely retained by 
clay minerals (WELLS 1967, CARY and ALLAWAY 
1969, HAMDY and GISSEL-NIELSEN 1977). In both 
cases the soil pH infiuences the fixation of Se; 
e.g. liming some acid soils has been found to  
increase the plant uptake of added selenite 
(GissEL-NIELSEN 1971, HAMDY and GISSEL-
NIELSEN 1976). These results are in agreement 
with those of the extraction studies carried out 
here. The exception was, however, the Sphagnum 
peat soil, where the high Fe content of the soil 
made "Se more available at high pH values both 
in soil and plant studies. In addition, at low pH 
values the rising pH decreased the plant '5 Se 
notably at low Fe levels, while in the extraction 
studies this decrease in the solubility of ''Se at 
low pH values was observed clearly only at the 
high Fe level. GISSEL-NIELSEN (1971) has re-
ported that in mineral soils the Se content of 
ryegrass decreased in the first cut with increasing 
pH from 5 to 6 and increased again at higher pH 
22 
values. According to GEERING et al. (1968) the 
solubility of Se was lowest at pH values from 
slightly acid to neutral; the solubility increased 
above and below these pH values. They sug-
gested that at this pH range the selenite formed 
ferric—ferric hydroxide adsorption complexes 
with reactive iron oxides and these complexes 
broke down at higher pH values causing the 
increase in the solubility of Se. These results, 
which were obtained by studying mineral soils, 
are to some extent consistent with the results of 
the present study in. which Sphagnum peat soil was 
used. In addition to Fe and pH, the high content 
of extractable P in the fertilized Sphagnum peat 
soil might also have affected the solubility 
pattern of 75Se of the present study. 
Among the various soil types studied by 
SIPPOLA (1979) the lowest contents of total and 
extractable native Se were found in Carex peat 
soils. HAMDY and GISSEL-NIELSEN (1976) re-
ported that the organic matter reduced the 
availability of selenite added to soils. In this 
study the low extractability of 75Se and the 
ineffectiveness of the additions of Ca and Fe  
on the extractable 75Se in the Carex peat soils 
might have been affected by the high degree of 
humification and by the high extractable native 
Fe of these soils. BISBJERG and GISSEL-NIELSEN 
(1969) reported that the content of applied 
selenite was highest in plants grown in sandy 
soils and, according to HAMDY and GISSEL-
NIELSEN (1976), the addition of CaCO3 increased 
the readily available form of Se more pronounc-
edly in sandy mineral soils. This is in agreement 
with the results presented here concerning the 
75Se extraction from various soil types. 
With the normal fertilization, about 400 mg 
S/1 was added to the Sphagnum peat soil in the 
pot experiments. With the highest application 
of FeSO4, an extra 200 mg S/1 was introduced 
into these soils. Sulphates are generally known 
;either to decrease the selenite content of plants 
or to have no effect on it (GissEL-NIELSEN 1973, 
GUPTA and WINTER 1975). Accordingly, it was 
presumed that the effects of FeSO, addition on 
the availability of Se at high pH values were due 
to the ferrous rather than the sulphate ions of 
this compound. 
REFERENCES 
BEESON, K. C. & MATRONE, G. 1976. The soil factor in 
nutrition. Animal and human. 152 p. New York. 
BISBJERG, B. & GISSEL-NIELSEN, G. 1969. The uptake 
of applied selenium by agricultural plants. 1. The 
influence of soil type and plant species. Plant and Soil 
31: 287-298. 
CARY, E. E. & ALLAWAY, W. H. 1969. The stability of 
different forms of selenium applied to low-selenium 
soils. Soil Sci. Soc. Amer. Proc. 33: 571-574. 
GEERING, H. R., CARY, E. E., JONES, L. Ii. P. & 
ALLAWAY, W. H. 1968. Solubility and redox criteria 
for the possible forms of selenium in soils. Soil Sci. 
Soc. Amer. Proc. 32: 35-40. 
GISSEL-NIELSEN, G. 1971. Influence of pH and texture of 
the soil on plant uptake of added selenium. J. Agric. 
Food Chem. 19: 1165-1167. 
— 1973. Uptake and distribution of added selenite and 
selenate by barley and red clover as influenced by 
sulphur. J. Sci. Food Agric. 24: 649-655. 
— & BISBJERG, B. 1970. The uptake of applied selenium 
by agricultural plants. 2. The utilization of various 
selenium compounds. Plants and Soil 32: 382-396. 
GurrA, U. C. & WINTER, K. A. 1975. Selenium content 
of soils and crops and the effects of lime and sulfur on 
plant selenium. Can. J. Soil Sci. 55: 161-166. 
HAMDY, A. A. & GISSEL-NIELSEN, G. 1976. Fractionation 
of soil selenium. Z. Pflanzenernähr. Bodenk. 139: 
697-703. 
— & GISSEL-NIELSEN, G. 1977. Fixation of selenium by 
clay minerals and iron oxides. Z. Pflanzenernähr. 
Bodenk. 140: 63-70. 
KOLJONEN, T. 1974. Selenium in certain Finnish sedi-
ments. Bull. Geol. Soc. Finl. 46: 15-21. 
— 1975. The behaviour of selenium in Finnish soils. Ann. 
Agric. Fenn. 14: 240-247. 
KÄHÄRI, J. & NISSINEN, H. 1978. The mineral element 
contents of timothy (Phleum pralense L.) in Finland. I. 
The elements calcium, magnesium, phosphorus, 
23 
potassium, chromium, cobalt, copper, iron, manganese, 
sodium and aine. Acta Agric. Scand., Suppl. 20: 
26-39. 
LEVESQUE, M. 1974. Some aspects of selenium relation-
ships in Eastern Canadian soils and plants. Can. J. 
Soil Sci. 54: 205-214. 
PAASIKALLIO, A. 1978. The mineral element contents of 
timothy (Phleum pratense L.) in Finland. II. The ele-
ments aluminium, boron, molybdenum, strontium, 
lead and nickel. Acta Agric. Scand., Suppl. 20: 40-
52. 
SIPPOLA, J. 1979. Selenium content of soils and timothy 
(Phleurn pratense L.) in Finland. Ann. Agric. Fenn. 18: 
182-187. 
WELLS, N. 1967. Selenium in horizons of soil profiles. 
N. Z. J. Sci. 10: 142-179. 
Manuscript received December 1980 
Arja Paasikallio 
Agricultural Research Centre 
Isotope Laboratory 
SF-31600 Jokioinen, Finland 
SELOSTUS 
Maan pH:n ja rautapitoisuuden vaikutuksesta seleeni-75:n liukoisuuteen rahkaturvemaalla 
ARJA PAASIKALLIO 
Maatalouden tutkimuskeskus 
Maan pH:n ja rautapitoisuuden vaikutusta 75Se:n liukoi-
suuteen selvitettiin kasvi- ja uuttokokeiden avulla. Astia-
kokeissa käytettiin kasvina ohraa ja kasvualustana rahka-
turvemaata ja uuttokokeissa oli mukana rahkaturvemaiden 
lisäksi myös joitakin mUita maalajeja. Maalajien ominai-
suuksia on esitetty taulukossa 1. 75Se:n liukoisuutta tar-
kasteltiin sekä maan pH:n funktiona kahdella eri rauta-
pitoisuustasolla että rautapitoisuuden funktiona eri pH-
tasoilla. 
Ohra otti rahkaturvemaahan lisätystä 75Se:stä 0,1-0,8 
% maan happamuudesta ja rautapitoisuudesta riippuen. 
Kun maan pH oli sadonkorjuun hetkellä noin 7, suurin 
rautalisäys nosti korren "Se-pitoisuutta merkitsevästi 
siitä mitä se oli pienemmillä rautalisäyksillä (kuva 1 a, c). 
Kun maan pH oli sadonkorjuun hetkellä 4-5, rauta-
lisäyksillä ei ollut paljoa vaikutusta ohran 75Se-pitoisuu-
teen (kuva 1 b, d). Kun tutkittiin ohran "Se-pitoisuuden 
riippuvuutta maan pH:sta normaalin suuruisella rauta-
lannoituksella, havaittiin ohran 75Se-pitoisuudessa jyrkkä 
lasku pH 4 ja 5 välillä, niin että pitoisuus pH 7:ssä oli 
vain noin kymmenesosa siitä mitä se oli pH 4:ssä (kuva 
2 a). Kun rautalisäys oli viisinkertainen normaaliin lan-
noitukseen verrattuna, ohran 75Se-pitoisuus oli melko 
alhainen alemmilla pH-arvoilla mutta nousi jyrkästi pH 7 
paikkeilla (kuva 2 b). 
Hapan ammoniumasetaatti uutti 75Se:ä rahkaturve-
maasta 5-40 % maan happamuudesta ja rautapitoisuu-
desta riippuen. Kun rahkaturvemaahan ei oltu lisätty 
rautaa, pH:n vaikutus 755e:n liukoisuuteen oli vähäinen. 
Kun rahkaturvemaan rautapitoisuus oli korkea, 75Se:n 
liukoisuus oli pienimmillään pH 5-6 paikkeilla. Liukoi-
suus nousi kuitenkin nopeasti pH:n edelleen noustessa 
(kuva 3 a, e), kuten astiakokeissakin tapahtui. Saraturve-
mailla kalsium- ja rautalisäyksillä ei ollut vaikutusta 75Se:n 
uuttumiseen (kuva 3 f). Eri kivennäismaalajeista 75Se:n 
uuttuminen kasvoi pH:n noustessa eniten hienolla hiekka-
maalla, rautapitoisuudella ei ollut paljoa vaikutusta 
uuttumiseen (kuva 3 b—d, g). 75Se:n uuttuminen lan-
noittamattomasta rahkaturvemaasta oli jossakin suh-
teessa erilainen kuin sen uuttuminen lannoitetusta maasta, 
kun maiden kalsium- ja rautamäärät vaihtelivat (kuva 4 
a—f). Kuvassa 5 näkyy kalkituksen vaikutus näiden 
rahkaturvemaiden pH-arvoihin kahdella eri rautapitoi-
suustasolla. 
Eri maalajeista 75Se:ä uuttui eniten hienosta hiekka-
maasta ja vähiten hietasavesta, kun maihin ei oltu lisätty 
kalsiumia eikä rautaa (kuva 6). Pelkkä kalkitus lisäsi 
75Se:n uuttumista eniten hienosta hiekkamaasta. Kun 
kalsiumin lisäksi maihin lisättiin myös rautaa, nousi 
75Se:n uuttuminen vain rahkaturvemaalla. Tässä tapauk-
sessa 75Se:ä uuttui myös selvästi eniten tästä maalajista. 
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RESEARCH NOTE 
PESTS OF CULTIVATED PLANTS IN FINLAND IN 1980 
MARTTI MARKKULA 
MARKKULA, M. 1981. Pests of cultivated plants in Finland in 1980. Ann. Agric. 
Fenn. 20: 25-27. (Agric. Res. Centre, Inst. Fest Inv., SF-01300 Vantaa 30, Finland.) 
The damage caused by about 50 pests on cereals, forage plants, root crops, vege-
tables, rape, sugar beet, pea, apple, berries and other plants in Finland in 1980 is 
reported from the results of questionnaire surveys using a ten-point scale. 
The growing season as a whole and especially its first half was somewhat warmer 
than usual. The abundance of pests was normal. Responses to inquiries showed 
that the average abundance of ali pests, in terms of a 0-5 value scale, was 2,6. 
It was the same in the ten-year period 1965-1974 and was 2,9 in 1979. 
Rhopalosiphon padi occurred in large numbers on spring grain. Argyrestbia con-
jugella dropped to a minimum after its mass appearance in 1979. 
The worst damages were caused to vegetable and berry plants, and less to forage 
plants and sugar beet. Two new pests were recorded: Acrolepiopsis assectella 
and Trichostphoaphis corticis. 
Index words: Plant pests, severity of damage, frequency of damage, 1980, Finland 
The present survey is based on replies to inquiries 
sent to the advisers at Agricultural Centres, as 
were the previous ones. Four inquiries were sent 
to 210 advisers during the growing season, and 
replies were received as follows: 
Replies % Communes % 
Spring inquiry 	 140 67 191 41 
First summer inquiry 	 132 63 175 38 
Second summer inquiry . 	 109 52 133 29 
Autumn inquiry 	 114 54 142 31 
A general estimate of pest abundance during 
the whole growing season was given by 96 
advisers from 114 communes. This estimate was 
based on a 0-5 scale (MARKKULA 1969). In 
4 129100765R 
1980 the country was divided into 464 
COMMUlleS. 
The growing season as a whole and especially 
its first half was warmer and drier than usual. 
The average abundance of pests, in terms of 
the 0-5 value scale, was 2,6, which is the same 
as the average from the ten-year period 1965-
1974. It was 2,9 in 1979. 
The abundance of 19 pest species or groups 
exceeded the ten-year average for 1965-1974 
(Table 1). 
The worst pest on grain fields was the oat bird 
cherry aphid Rhopalosiphon padi. It seems that 
the years when the species appears »en masse» 
recur more often nowadays. According to the 
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Table 1. Results of questionnaires. Severity of damage estimated according to a scale of 0-10. Frequency of damage 
calculated as the percentage of crops in which damage was observed. 
CEREALS 
Number of 
observations 
1980 
Severity of damage Frequency of damage 
1980 	1965-74 1980 	1965-74 
Rhopalosiphon padi (L.) 	  111 2,1 1,2 54 18 
Macrosiphum avenae (F.)  65 1,5 1,4 33 22 
Oscinella frit (L.) 	  111 0,6 1,0 13 13 
Phyllotreta vittula (Redtb.) 	  91 0,6 1,0 11 18 
Elateridae 	  50 0,5 1,1 9 15 
FORAGE PLANTS 
Amaurosoma spp. 	  70 0,8 1,5 19 28 
Apion spp. 	  43 0,4 1,0 9 16 
RAPE AND TURNIP RAPE 
Mellgethes aeneus (F.) 	  39 1,9 1,8 72 40 
Ceutorhynchus assimilis (Payk.) 	  21 1,0 30 
Dasineura brassicae (Winn.)  14 0,3 18 
SUGAR BEET 
Pegomya betae (Curt.) 	  90 1,7 1,8 45 48 
Lygus rugullpennis Popp.  37 1,2 1,9 50 43 
Sllpha opaca L. 	  36 1,1 1,4 39 33 
Chaetocnema concinna (March.) etc. 	  56 1,0 1,7 37 40 
PEA 
Cydia nigricana (F.) 	  36 2,1 1,9 31 37 
ROOT CROPS AND VEGETABLES 
Delia brassicae (Wied.) and D. floralls (Fall.) 	 92 2,3 2,0 26 28 
Plutella xylostella (L.) 	  62 2,0 1,6 32 21 
Pbyllotreta spp. on crucifers 	  84 1,5 2,0 34 38 
Trioza apicalls (Först.) 	  45 1,5 1,3 23 21 
Pieris brassicae (L.) etc.  66 1,3 1,7 34 29 
Brevicoryne brassicae (L.) 	  23 1,0 0,8 14 14 
Delia antiqua (Mg.) 	  50 1,0 1,9 11 21 
Psila rosae (F.) 	  31 0,9 0,8 13 10 
Phaedon cochleariae (F.) 	  26 0,8 1,1 15 19 
APPLES 
Lepus europaeus Pallas and L. timidus L. 	  73 2,3 1,6 26 15 
Argyresthia conjugella Zell. 	  54 1,7 3,4 18 46 
Cydia pomonella (L.) 	  44 1,1 2,5 16 42 
Yponomeuta padellus mallnellus Zell . 	  21 1,0 1,6 20 	. 23 
Panonychus ulmi (Koch.) 	  45 0,9 1,3 10 21 
Microtus agrestis (L.) stem damages 	  53 0,8 1,1 6 8 
Aphis pomi (Deg.) 	  34 0,7 1,5 18 24 
Psylla mali (Schmidbg.) 	  37 0,6 0,9 8 13 
Arvicola terrestris (L.) root damages 	  49 0,4 0,5 4 4 
Xyleborus dispar (F.) 	  34 Q2 0,5 5 4 
BERRIES 
Aphididae on Ribes spp. 	  58 2,7 1,8 31 26 
Tarsonemus pallidus Bks.  65 2,7 2,0 31 28 
Cecidophyopsis ribis (Wettw.) 	  89 2,3 2,2 24 30 
Nematus ribesii (Scop.) and Pristiphora pallipes Lep. 	 57 2,2 1,7 21 16 
Lampronia capitella Cl. 	  72 2,1 1,9 	. 21 22 
Byturus urbanus (Lndp.)  45 2,0 1,7 30 29 
Tetranychus urticae (Koch.) 	  46 1,9 1,3 22 21 
Zophodia convolutella (Hbn.)  39 1,3 0,9 10 12 
Anthonomus rubi (Hbst.) 	  50 1,2 1,6 27 26 
Pacbynematus pumilio Knw.  59 1,1 1,3 19 21 
PESTS ON SEVERAL PLANTS 
Deroceras agr'este (L.) etc. 	  45 1,5 1,3 25 24 
Hydraecia micacea (Esp.)  44 1,1 1,2 24 21 
26 
material accumulated by the Institute of Fest 
Investigation the following years can be con-
sidered as peaks in the mass appearance of the 
aphid: 1926, 1947, 1954, 1957, 1963, 1966, 1968, 
1973, 1978, 1980. 
Forage plants, turnip rape, rape and sugar 
beet had few pests. However, with sugar beet, 
this was probably due to the regular control of 
the pests. 
The pests caused on vegetable plants more 
damage than usual. The severity of damage 
caused by most species exceeded the average 
during the ten-year period 1965-1974 (Table 1). 
Delia brassicae and D. floralis damaged the roots 
badly. Plutella xylostella also appeared more 
abundantly than usual, but the damage remained 
slight. 
Apple orchards were spared from great dam-
age. Argyresthia conjugella and Cydia pomonella 
appeared in very small numbers. Once again it 
was noted that the period of high abundance of 
A. conjugella is limited to one year. The species 
appeared exceptionally much in. 1979 (MARK-
KULA 1980). 
The advisers' estimations of damage caused to 
apples indicate the following:' 
percentage of apples damaged replies 1980 1979 1965-74 1980 
Argyresthia conjugella 13 78 31 24 
Cydia pomonella 	 9 21 22 15 
These values of the severity of damage mainly 
reflect the damage to home gardens where 
spraying is nowadays hardly ever carried out 
and not to commercial orchards. 
Berry plants were damaged by many insects 
and mites (Table 1). Aphids were especially 
abundant in current bushes. 
Two new pests were recorded: Acrolepiopsis 
assectella Zell. caused great damage to leek culti-
vation in Inkoo, and Trichosiphoaphis corticis 
(Aiz.) damaged Lonicera tatarica. The number of 
pests is now 1 111. 
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SELOSTUS 
Viljelykasvien tuhoellimet 1980 
MARTTI MARKKULA 
Maatalouden tutkimuskeskus 
Kasvukausi ja etenkin sen alkupuoli oli tavallista lämpi-
mämpi. Kuitenkin jäi tuholaisten määrä tavanomaiseksi. 
Maatalouskeskusten piiriagrologien esittämien arvio-
lukujen perusteella laskettu tuholaisten runsausluku oli 
0-5 asteikon mukaan 2,6 eli sama kuin kymmenvuotis-
kautena 1965-1974. Kasvukauden 1979 luku oli 2,9. 
Tuomikirvoja oli viljoissa tavallista runsaammin, mutta 
muutoin ei tuholaisista ollut viljapelloissa huomattavaa 
haittaa. 
Tuholaisia oli erityisen vähän nurmikasveissa, sokeri-
juurikkaassa ja omenapuissa. Edellisen vuoden tuho-
kauden jälkeen oli omenan pahimman tuholaisen, pih-
lajanmarjakoin kanta minimissä. 
Vihartnes- ja marjakasveja tuholaiset ahdistivat taval-
lista enemmän. Kaalikärpäset vioittivat yleisesti kaalin 
juuristoa. Porkkanaa vioittivat sekä porkkanakärpänen 
että porkkanakemppi. Lehtikirvat esiintyivät erityisen 
runsaslukuisina herukkapensaissa. 
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RESEARCH NOTE 
THE PSEUDOSCORPIONID CHERNES CIMICOIDES AS A PREDATOR OF THE 
PREDATORY MITE PHYTOSEIULUS PERSIMILIS ON CUCUMBER CULTURES 
IN GLASSHOUSES 
MARTTI MARKKULA and KATRI TIITTANEN 
MARKKULA, M. & TIITTANEN, K. 1981. The pseudoscorpionid Chernes cimi-
coides as a predator of the predatorymite Phytoseiulus persimilis on cucumber 
cultures in glasshouses. Ann. Agric. Fenn. 20: 28-31. (Agric. Res. Centre, Inst. 
Pest Inv., SF-01300 Vantaa 30, Finland.) 
Pseudoscorpionids, Chernes cimicoides (Fabr.), appeared quite unexpectedly on 
cucumber plants in a glasshouse in Helsinki in Match 1980. The pseudoscorpionids 
ate so many of the predatory mites .Pkytoseiulus persimilis A.-H. that these were 
unable to control the numbers of two-spotted spider mites, Tetranycbus urticae 
(Koch.). 
The occurrence of pesudoscorpionids in such large numbers resulted in partial 
failure of the biological control. Predatory mites have been used since 1968 by 
the grower to control two-spotted spider mites. The control has given good results 
every year and no acaricides have been needed. 
Sunflower-seed husks had been spread below the substrate of the cucumber in 
order to provide soil heat. The pseudoscorpionids has presumably originally fed 
on the Hypoaspis aculeifer (Can.) mites present in the husks, and then started to feed 
on the predatory mites. The experiments showed that the pseudoscorpionids ate 
both predatory mites and two-spotted spider mites. 
Chernes cimicoides has not earlier been found to be a predator of 'Phytoseiulus 
persimilis. 
Index words: Chernes cimicoides, Phytoseidus persimilis, Tetranychus urticae, Hypoaspis 
actdeifer, cucumber, glasshouse, biological control, predator. 
Studies on the biological control of the two-
spotted spider mite Tetralychus urticae (Koch.) 
with the predatory mite Phytoseiulus persimilis 
A.-H. were started at the Department of Pest 
Investigation of the Agricultural Research Centre 
in autumn 1965. Since 1968 predatory mites have 
been used for the control of two-spotted spider 
mites on cucumbers at Lapila's glasshouses, 
Helsinki (MARKKULA et al. 1972). The control 
gave good results until 1980 and the predatory 
mites were not observed to have any natural 
enemies. 
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BACKGROUND OBSERVATIONS 
Two-spotted spider mites started to appear on 
the plants in Lapila's glasshouses at the usual 
time in March 1980. Predatory mites were 
placed on the plants in the same proportions as 
used earlier: one predatory mite per 5-10 two-
spotted spider mites. 
Mrs. Leena Lapila regularly checked the 
numbers of prey and predators on the plants, 
as in previous years, and soon noticed that the 
predatory mites were not multiplying to the 
usual extent. Within three weeks, at the begin-
ning of April, a new lot of predatory mites had 
to he spread in the glasshouse in order to prevent 
damage caused by two-spotted spider mites. 
When the number of two-spotted spider mites 
further increased and the damage grew more 
serious, the grower got in touch with the Depart-
ment of Pest Investigation, and the department 
started to carry out careful examination of the  
plants. Pseudoscorpionids were found on the 
undersurface of the cucumber leaves. They 
moved around rapidly and fed on the predatory 
mites. The pseudoscorpionids were most com-
mon on leaves where there were many predatory 
mites. In most cases there were one or two 
pseudoscorpionids on each leaf, in extreme 
cases as many as six. 
Professor Veikko Huhta (The University of 
Jyväskylä), identified the pseudoscorpionids as 
Chernes cirnicoides (Fabr.). According to KAISILA 
(1949), the species is the most common pseudo-
scorpionid in Finland and occurs in large numbers 
in forest litter and under the bark of trees. 
In order to determine the role played by the 
pseudoscorpionids in the failure of the biological 
control measures, their capacity to destroy 
predatory mites and two-spotted spider mites 
was investigated. 
METHODS 
The sandwich cages developed by SAKIMURA 
(1969) for thrips rearing were used in the tests. 
Dwarf French bean leaves with pseudoscor-
pionids and mites were placed in the cages. 
Pseudo-
scorpionids 
	  7 x 1 
 4 x 1 
	  4 x 1  
The number of pseudoscorpionids, predatory 
mites and two-spotted spider mites was checked 
daily. 
Predatory 	Two-spotted 
mites spider mites 
9 9 	9 9 
7 x 10 	7 x 10 
4 x 30 
4 x 30 
RESULTS AND DISCUSSION 
After one day, there were no longer any pre-
datory mites or two-spotted spider mites in the 
A cages; only pseudoscorpionids were present 
(Table 1). In the B cages the pseudoscorpionids 
had eaten ali the predatory mites within four 
days. In the C cages the number of two-spotted 
spider mites decreased as a result of predation 
by the pseudoscorpionids during the first three  
days. However, when the eggs oviposited by the 
two-spotted spider mites hatched, the number of 
young mites increased and the pseudoscorpionids 
were unable to eat them fast enough. 
The experiments showed that the pseudo-
scorpionids ate both predatory mites and two-
spotted spider mites. It can also he concluded 
that pseudoscorpionids are highly effective in 
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Table 1. Determination of the feeding habits of pseudo-
scorpionids. A cages: 1 pseudoscorpionid, 10 female 
predatory mites and 10 female two-spotted spider mites 
placee in a cage, 7 replications. B cages: 1 pseudoscr-
pionid and 30 female predatory mites placed in a cage, 
4 replications. C cages: 1 pseudoscorpionid and 30 female 
two-spotted spider mites placed in a cage, 4 replications. 
A cages 
Start of 
experi 
ment 
Days 
1 	2 	I 	3 	4 	6 	7 
Predatory mites 70 0 
Two-spotted spider 
mites 	 70 0 
B cages 
Predatory mites 120 51 21 5 0 
C cages 
Two-spotted spider 
mites 	 120 67 50 18 8 450 800 
reducing the number of predatory mites. The 
pseudoscorpionids were therefore the cause of 
the failure of the biological control of two-
spotted spider mites in Lapila's glasshouses 
during the growing season in 1980. 
It became apparent that the cultivation tech-
nique was the prime cause of the appearance of 
the pseudoscorpionids in Lapila's glasshouses. 
A layer of sunflower-seed husks, about 20 cm 
thick, had been laid below at least 20 cm thick 
peat substrate of the plants in order to warm it. 
It has earlier been found that sunflower-seed 
husks contain Hypoaspis aculeifer (Can.) mites 
which climb up into the plants in large numbers 
when the husks begin to heat up. The pseudo-
scorpionids presumably fed on these mites and 
moved up onto the plants with the mites when 
the temperature increased. They then remained 
on the plants and ate the predatory mites. 
Natural enemies of predatory mites have not 
earlier been found in Finland on commercial 
crops, although they have been searched for 
continuously. Chernes cimicoides pseudoscorpionid 
has not earlier been mentioned as a predator of 
Phytoseiulus persimilis. 
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SELOSTUS 
Valeskorpioni biologisen torjunnan häiritsijänä kasvihuoneissa 
MARTTI MARKKULA ja KATRI TIITTANEN 
Maatalouden tutkimtiskeskus 
Tarmo Lapilan kasvihuoneviljelmällä Helsingin Tapa-
nilassa on vihannespunkin torjunta hoidettu vuodesta 
1968 lähtien ansaripetopunkin avulla. Biologinen torjunta 
on vuosittain tuottanut hyvät tulokset eikä torjunta-
aineita ole tarvittu. 
Vuonna 1980 biologinen torjunta oli ensimmäisen 
kerran vaarassa epäonnistua. Siihen olivat syynä yllättäen 
ilmaantuneet valeskorpionit (Chernes cimicaides), jotka 
hävittivät ansaripetopunkkeja. 
Kokeissa todettiin valeskorpionien käyttävän ravin-
nokseen sekä ansaripetopunkkeja että vihannespunkkeja. 
Ne söivät kuitenkin enemMän ansaripetopunkkeja. 
Tutkimuksessa selvitettiin myös syitä siihen, miksi 
valeskorpionit olivat ilmaantuneet kurkkuviljelykselle. 
Todettiin, että kasvualustaan oli levitetty auringonkukan 
siemenrouhetta pohjalämmön antajaksi, ja tässä siemen-
rouheessa elivät Hypoaspis aculeifer -punkit. 
Näyttää ilmeiseltä, että valeskorpionit olivat alunperin 
käyttäneet ravinnokseen H. aculeifer -punkkeja, mutta 
siirtyivät sitten syömään myös ansaripetopunkkeja. 
Aikaisemmin ei Chernes cimicoides-valeskorpioneja ole 
tavattu ansaripetopunkin luontaisina vihollisina. 
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